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ABSTRACT

In this report two methods suitable for measuring electrical
ground constants in Thailand are described. The ground conductivity
was measured at tre broadcast frequencies of 820 kHz and 1455 kHz using
the field-attenuation method. The ground dielectric constant was
measured by the wave-tilt method at the high frequency of 27 MHz., De-
tails are given for constructing the necessary equipment, and procedures
for the collection and analysis of the data are outlined. The ground
conductivity and ground dielectric constants in central, eastern, and
northeastern Thailand were measured. The report also contains recom-

nendations for improvements in equipment and measurement procedures,

i1t
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I INTRODUCTION

The electrical properties of the ground have been measured from
time to time in various parts of the worla to establish the vclue of the
ground conductivity and grcund dielectric constant. This has been done
bacause knowledge of the ground constant is very important in radio
communications, physics, and electrical engineering. For radio communi-
cations, the electrical properties of the ground encer directly into the
design of antenna systems for both transmitting and receiving stations,
even in the case of a station employing an antenna array with no direct
connection with the earth's surf-ce. In the broadcast band, the ground
conductivity is the dom.nating factor in determining the effective

service area in which the communication is provided by the ground wave.

In general, the ground conductivity affects the ground wave of
radio propagation, and therefore dominates lower-frequency pronagation.
The dielectric constant becomes more important for short-wave or higher
frequencies, For short wave, when the propagation takes place via the
ionosphere, only the ground in the vicinity of the transmititing and
receiving antennas i3 of importance. The ground near the transmitter
influences upward radiation and that near the receiver affects the down-

coming wave.

In Thailand, knowledge of electrical ground constants and tech-
n!ques for their measurement scarcely exists. It is the intention of
this report to provide suitable procedures for (1) measvring electrical
ground constants for Thailund, (2) carrying out some measurements to
verify and improve the methods and equipment, and (3) establishing the
ground-constant data for central and northeastern Thailand for the dry

and rainy scasons,

The method selected for estimat.ng ground conductivity is that of
comparing measured field-intensity attenuation vs. distance, with calcu-
lated values, for various ground conductivities. 1wo frequancics .n

the broadcast band were chosen for this purpose.

s B s e




After a litera.ure search, it was decided that the wave-tilt
method would be suitable fo: mecasuring the dielectric constant, The
method 1s based upon measurement of the tilt angle of the vertically
polarized ground wave, This tilt angle depends on the frequency, con-
ductivity, and dielectric constant of the ground. The method meets
the requirement for portability; the source for radiating the signal
is already available in the laboratory or can be ecasily and inexpensively
purchased. The 5-watt citizen's band transceiver was used as the
radiating sonrce, with a frequency around 27 MHz., The dielectric
constant of the ground at this frequency may be used, with caution,
to represent tne value of the dielectric constant of the same ground
at lower freguencies (see Ref. 1,* where it is showr that the dielec ric
constant of soil at frequencies of 1 MHz to 100 MHz does not change
appreciably if soil moisture content is low enough). When soil moisture
content beccmes appreciable, the conductivity will dominate for ground-
wave propagation in the brecadcast band, and detailed knowledge of the

dielectric constant hecomes relatively unimportant,

The equipment for measuring dielectric constant was constructed,
and measurements were carried out in the Bangkok area. It was found
that the value of relative ground dielectric constant is around 20 to
30, which 1s reasonable for clay soil. The measurements were then
carried out in other areas in the northeastern part of Thailand. The
accuracy of the results has been increased by an improved method of
analyzing the data (see Sec, iV-B). This new technique consists of
incorporating the value of the ground conductiv.ty measured by the
field attenuation methcd into the analysis of the dielectric constant

data,

The ground conductivity was measured by the field-attenuation
measurement method, which is very widely used., The major limitation
in using this method in Thailand is that there are very few roads; and
therefore the electrical ground conductivity can only be evaluated in

a limited arca. In the field-attenuation measurement method, when used

*
References are listed at the end of the report,
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elsewhere, the field strength of the carrier frequency of the existing

hroadcast station is measured as a function of distance from a trans-
mitting station. In the case of Thailand, however, existing stations
cannot be used because the transmitted power of tnhe broadcast stations
fluctuates considerably, thus producing unreliable data. It is therefore
necessary to have a portable transmitting station and to move it from
place to place, The principle of this method is based upon a comparison
between the computed field-intensity curve for different values of ground
constants and the measured field-intensity data taken at various dis-
tances from the transmitter. Correlation of normalized neasured cata
with values computed from a mathematical model then gave values fc:r
ground constants, as presented in Sec. IV-A. However, in many cases
there was no correlation between computed and measured field intensity,
Because the data were collected in the mountainous or undulating-type
terrain, the measured field intensity did not decay smoothly as distance
between transmitter and receiver was increased. Therefore the ground
conductivity cannot be evaluated by this method., In such cases, values

*
estimated from the soil map are given instead.

%*
Soil map in pocket, inside back cover,
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II ELECTRICAL GROUND CONSTANTS OF THE EARTH SURFACE

A, GENERAL

Electrical ground constants are the effective electrical properties
of the earth, which may be exnressed by three constants--i.e., the rela-
tive permeability (), the dielectric constant (e¢), and the conductivity
(o). The 1elative permeability is normally regarded as unity in most
cases concerning radio propagation work;* therefore the only important

factors are the dielectric constant and the ground conductivity.

The ground conductivity and the dielectric constant of the earth
surface vary from place to place depending upon the soil and many other
factors, Typical values of tht ground constants at MF (broadcast band)
for various types of soils are given in Table I. The high value of the
ground conductivity is normally associated with wet loam, while the
poor conductivity and low dielectric constant are associated with dry,
rocky, and sandy scil. It is found that the high value of the ground
conductivity tends to relate with a large dielectric constant, and vice
versa., The value of the ground conductivity can be expressed in CGS
electromagnetic units. CGS electrostatic units, or MhS units (mho/m):

102 EMy = 9 x 10° ESU = 1 mLo/m

Dielectric constant is usually given in farads per meter, but in
most radio propagation work the relative value of the dielectric con-
stant is preferred--i.e., the ratio between the dielectric constant of

the ground and the dielectric constant of free space.
s

*The maghetic permeability is the free-space value unless ferromagnetic
material is present, Thus, the assumption that ;, = 1 may break down
where there are iron deposits, and possibly for some lateritic soils,
For radio purposes, however, the |, = 1 assumption is quite a good one,

SAPRT—




Table I

ELECTRICAL CHARACTERISTICS OF VARIOUS TYPES OF SOILZ®

Relative
Dielectric | Conductivity

Type of Terrain Constant (mmho/m)
Fresh water 80 1
Sea water, minimum attenuation 81 4640
Pastoral, low hills, rich soil typical of 20 30
Dallas, Texas, Lincoln, Nebraska, areas
Pastoral, low hills, vich soil typical of 14 10
Ohio and Illinois
Flat country, marshy, densely wooded, 12 7.5
typical of Louisiana near Mississippi
River
Pastoral, medium hills and forestation, 13 6
typical of Maryland, Pennsylvania, New
York, exclusive of mountainous territory
and seacoasts
Pastoral, medium hills and forestation, 13 4 '
heavy clay soil, typical of central
Virginia
Rocky soil, steep hills, typical of 14 2
New England
Sandy, dry, flat, typical of coastal 10 2
country
City, industrial areas, average 5 1
rttenuation
City, industrial arenas, maximum 3 0.5
attenuation

In radio communication the electrical ground constant determines
the effective ground-wave coverage for transmitters operating in the
broadcast band and the lower parc of the HF spectrum. In the case of
good ground, as when the value of the ground conductivity is greater

than 10 mmho/m, the ground conductivity becomes more significant than
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the dielectric constant for ground-wave propagation. In such cases the
variation of the dielectric constant between 10 and 60 hardly affects

the field strength of the propagated wave at all (Figs. 1 and 2).

The grou.ad in many parts of Thailand is good for agricul ture and
may be classed as "good soil," so (one might think) the value of the
ground conductivity would rarely fall below 10 mmho/m. In such cases
the value of the dielectric constant will not contribute any sighifi-
cant effects to the ground-wave propagation in the low HF spectrum and
even less in broadcast frequencies, Therefore it should not be neces-
sary tc collect the dielectric constant data in those places. However,
at piaces where the ground has poor conductivity the dielectric constant
becomes an important factor, especially in the HF spectrum (when propa-
gation d$pends on skywaves), and the dielectric constant at the antenna

site will require evaluation.
B. FACTORS DETERMINING THE EFFECTIVE GROUND CONSTANTS

The effective value of the electrical ground constants for use in

radio propagation is5 determined by the factors discussed below,

1. Nature of the Soil

The ground constants vary with the nature of the soil--mainly

3 1n general it is shown

its ability to absorb and retain moisture.
that the clay soils have a high conductivity (i.e., above 10 mmho/m)
accompanied by a l...gh dielectric constant, and the loam and chalk soils
have an average value of about 10 mmho/m for conductiviiy and 20 for
dielectric constant, while soil of a sandy or gritty nature gives much
lower values of both conductivity and dielectric constant., The lowest

values (of the order of 0,01 mmho/m) were obtained for the solid

granite fornations with slate suusoils.

2. Moisture Content

The moisture content of the ground seems to be the most im-
portant factor determining its electrical constants. J. Zenneck?
studied the variation of conductivity with moisture content and found
that for garden soil the value rose from 0,05 tc 15 mmho/m as the
moisture content was increased from 3 to 17 percent,

7
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3. Temperatnre

It has been found that the normal temperature change of the
ground causes very little effect on the value of the ground constant,
Except when temperature changes abnormally (i.e., under laboratory
control), the mean temperature coefficient of conductivity of different
types of soil lies within the range of 2 to 2.5 perceat per degree
centigrade, while that of the dielectric constant is negligible; at the
freezing point there is a large, rapid change in both constants., In
Thailand the temperature differences are very small fhroughout the year;
therefnre, it is not likely that thes:> differences will affect the value

of tne ground constants,

4, - Frequency

Th: variation of the electrical properties with frequency was

found to depend upon the moisture content, as described below.?!

As the moisture content is increased, the variation of con-
ductivity with frequency reduces considerably, although it is still
perceptible for moist soil at the higher frequencies. The dielectric
constant behaves in a different manner. At low moisture contents there
is practically no variation of its value with frequency, while at a
normal moisture content of about Z6 percent the dielectric constant de-

creases from about 90 at 100 kHz per second to 25 at 10 MHz per second.

Such apparently abnormal values of the dielectric constant
have been previousiy experienced in the study of solid dielectrics,
more particularly with electrolytes, and the effects have been inter-
preted as being caused by the formation oi a polarization film of mc-

lecular thickness over the surface of the electrodes,

The frequency of the radio wave affects the determination of

the ground-constant value in two ways:

(1) At low frequencies the radio wave penetrates
deeper into the ground than at higl fre-
quencies, and the constants are determined
from the average value of the different types
of soil beneath the ground,

10




(2) At low frequencies, the ground behaver more
like a condrctor, whereas it is more like a
diele:tric at high frequencies.

5. Surface Objects and Foliage

Surface objects and foliage have no direct influence on the
constants of the ground itself, but they cause attenuation (and scat-
tering) in the ground wave ard can cause appreciable error in determining
the value of the ground constant by both fielr attenuation and wave-tilt

m:=thods,
C. APPLICATION OF THE GROUND CONSTANTS TO GROUND-WAVE PROPAGATION

In broadcast baad and at the low end of the HF bard, the elec-
trical ggound constants directly affect the ground-wave propagation,
To determine the required radiated power for a given coverage area,
the ground conductivity is the prime factor used in the calculation,
The ground dielectric constant is also used, but does not contribute

any significant effect, as mentioned in S~c, II-A., At the fringe of

the coverage area, the field strengths required to provide satisfacicry
*

reception are given in Table II. The required field strength is esti-

mated from the interference level and absorption of the big buildings

or surroundings.

In a city like Bargkok, the noise power increases considerably,
and like capital cities elsewhere it is crowded with big buildings.
To provide a satisfactory signal, the required field strength is much

greater than in the rural area where man-made noise is negligible,

From the desired coverage area and the required field strength
at the fringe area as given in Table II, the transmitted power may be

calculated from the following equation:2

*These values of required field strength were estimated by the author
from field measurements made in Thailand using a field-strength meter
and a communications receiver, Field~-strength values supplied by the
FCC were used as guidelines,

11
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Table II

FIELD STRENGTHS REQUIRED FOR GROUND-WAVE COYVERAGE

e Required
Field Strength
Cove -age Area {mV/m)
City with tall buildings or built-up area
as in Bangkok 10-50
Dense residential area close to city, as
in & suburb of Bangkok or large up-country
town 2-i0
vizall up-~country town 0.5-2
Rural area, rice paddy field or
agriculture area 0.1-0.5
2Eo0A
F =g mV/m (1)

where

E_ = Required field strength at fringe area n millivolts
per meter

2Eo = Free-space field produced at a distance of 1 mile from
trensmitting antenna

A = Attenuation iactor due to effect of the ground at a
given frequency

d = Distance in miles from transmitting antenna to {ringe
area,

~

The value of “r is selected from the T2ble II., The coverage arer de-
termines the distance dJ) The attenuation factor A is obtained frcm
the curve snown in Fig. 3 where p, "the numerical distance,”’ is computed

from the fcliowing equations:

nd
~ . = ; b
P= Y cos (2)
5 > tan_l .(_e__x"ﬁ 3)

12
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where

18 X o

X = e—————

£
f = Frequency in MHz

o = Ground conductivicy in mmho/m
€ = Relative dielectric constant

A = Wavelength in miles

o
i

= Phase constant in degrees.

Then the field at one mile from transmitter is

2Eo0 = Eﬁzﬁ_ﬂ mv/m . (4)

The radiated power Pa inkkilowatts for stort vertical antenna is given

by8

p = 2E0

)
o 186.4 kilowatts . (5)

Supposing one wants to know the rudiating power required for a trans-
mitting station located in suburb area of Bangkok; the brcadcast fre-
quency is 820 kHz and the desired coverage area includes Ayutthaya, 50
miles north of Bangkok. The ground conductivity is approximately 40
mmho/m (see Table III, p. 44), and the dielectric constant is approxi-
mately 16 (see Table IV, p. 50). Ayutthaya is an up-country town of
reasonable size, so the required field strength will be between 2 and
10 mV/m (see Table II). The suburbs of Ayutihaya are mostly rice paddy
fields, and the population is spread out. Then to be on the safe side,
a required field stren:th of about 5 mV/m will be sufficient,

Using Eqs. (2) and (3) and Fig. 3, the attenuation factor A can be

obtained as follows:

o = 40 mmho/m

f

0.82 MHz

14
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L = 0,22866 miles

d = 50 miles

18 X 40
X = 0,82 = 879.

From Eq. (3),

n-l 16+1z20.‘1

1
b = ta 659 1

cos b = 0,9998

From Eq. (2),

o 50

p= 79 X ﬁm X 0,9998 = 0,778

A = 0,72, which corresponds to "p" equal to (.778 from
Fig. 3.

Then from Eq. (4),

5 X 50 ,
2Eo = 0 72 mv/m = 347 mV/m
and from Eq. (5),
2
347 °
Pa’ i%,.4

kilowatts = 3.46 kilowatts .

This gives a required radiated power from the Bangkok transmitter
site of approximately 3.5 to 4 kilowatts. 1In the suburban area close
to Bangkok--i.e., the residential area of Bangkok within a radius of
10 miles--the field strength is about 25 mV/m, which is more than sat..-
factory for good reception. This can also be computed from the above

equation, where 2Eo is equal to 347 mv/m,

If the vaiue of the ground conductivity for the example case ah“ve
decreases to 20 mmho/m, the required radiated power will increase to
8.5 kilowatts, This shows that it is important tc know the minimum
limit of the ground conductivity in the coverage area. The chang2 in
the minimum limit of the ground conductiviiy can require 100 percent

increase of the radiated power for the sanr.e coverage area.

The above example demoiistrates that knowledge of the electrical
ground constants can assist in designing the radio system transmitter.
To obtain the output power to meet the required radiated power, factors
such as antenna efficiency, loss in transmission line between the

antenna and the transmitter outlet, and matching network must be

15




considered in the calculation. These factors can easily be obtained
when the type of transmitting antenna and the distance between the
transmitter and antenna feed point is krown. The efficiency of 2
transmitping antenna can also be increased if wire ground plane is
used at the antenna site, since this increases the value of the ground

conductivity in the immediate vicinity of the antenna,.

The elecirical ground constants also affect radio communication in
the HF band. The value of the ground constants 2t th: antenna site
will affect both antenna pattern and artenna impedance. Therefore it
is important to know the electrical ground constants at the antenna
site and their variation, and to include them in the design of antenna

system,

16




III ELECTRICAL-GROUND-CONSTANT MEASUREMENT
METH ‘D AND EQUIPMENT

A, CONDUCTIVITY

The field-attenuation method was selectad for measuring the ground
conductivity. The method involves measuring the field strength of a
carrier wave as a function of distance from a transmitting station, and
comparing the results with a set of computed field-intensity curves for
different values of ground constants. The normalized measured data are
correlated with the cemputed data, and the best curve fit then is the

estimate of the value for ground conductivity.

The electric field for the measurement is normally provided by the
local broadcasting radio station transmitting an unmodulated carrier
frequency at a constant output power, But unfortunately, when the radio
stations in Bangkok and the provinces assisted in the measurement they
could not maintain constant output power. It was then necessary to

have our own transmitters for prowiding the electric fieid.

Two frequencies, 820 kHz and 1455 kHz, were selected for the trans-
mitters, hoth of them being free from interference from other radic
stations during the daytime. The interferences were carefully checked
by monitoring these two frequencies and adjacent frequencies in Bangkok
and the provinces. After the frequencies were chosen, the Norton curves
were computed for these frequencies using an IBM 1620 computer. This

involved 3000 calculations and resulted in 20 pages of curves containing
200 graphs.

The sites for the transmitters to cover central ard northeastern
Thailand were carefully selected. The roads were one of the main
factors, since the shortage of roads in Thailand limited the coverage
area for the measurenent. The sites were selected where there were at
least three roads going in different directions, and sites with more
than turee exit roads in different directions were considered to be

very good.

17
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After the transmitter: werc built, they were checked out and tested
with a vertical antenna for matching and adjustment. A 100-foot bamboo
antenna tower was constructed but unfortunately it was blown down by the
monsoon. - It was replaced by a portable vertical steel antenna, which

reduced the height considerably and also reduced antenna efficiency.

The measurements were taken from seven transmitter sites covering

central and northeastern Thailand in both dry and rainy seasons.

1. Computing Fieid-Intensity Curves

The curves of field strength versus distance were computed
from one mile up to 50 miles, at one-mile intervals up to ten miles,
and at ten-mile intervals up to 50 miles. The values of the ground
conductivity are 0.5, 1, 1.5, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 30,
40, and 5000 mmho/m. The values of the dielectric constants are 10,
20, 30, 40, 50. 60.

The curves were plotted on a log-log graph paper for field
strength in millivolts per meter, vers s distances in miles on one
sheet of graph paper for all values of ground c..- uctivity at cu.e
value cf dielectric constant as shown in Figs. 4 and 5.

The parameter p, 'the numerical distance,” and parameter b L

were computed from the following equations:

nd
P~ Y cos b (6)
b = t:an-1 E—:——ll . (7)

The computer program was written for both equations and the
values of p, d, b, ¢, and 0 were tabulated for both frequencies, 820

kHz and 1455 kHz.

The field strength at distance d miles from the transmitting

antenna was computed from the equation

18
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2Eo0 A
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millivolts per meter

where

E = Field intensity of ground wave at distance d miles,
in millavolts per mater

d = Distance in miles from the antenna

Eo = Free-space field at one mile from the transmitting
antenna in free space with the same antenna currents
as are actually present when the antenna is instead
near the earth,

A = Attenuation factor,

.The value of 2Eo in millivolts per meter is equal to 186.4/P
at one mile, where P is the radiated power in kilowatts. For the calcu-
lations, P was chosen to yield 100 millivolts per meter for 2Eo. The
attenuation factors "A" were obtained from Fig, 3 for the corresponding
values of p, d, b, €, and 0. The complete set of calculated curves for

both frequencies is given in Appendix A.

2. Transmitters, Matching Network, and Antenna

The transmitters were designed and built in the MRDC Electronic
Laboratory, Bangkok, Thailand. They comprise two stages, the first is
an oscillator circuit deriving its frequency from a crystal. The out-
put of the oscillator is directly fed into the last stage whick is a
push-pull power amplifier., The 100-watt output was obtained from a
pair of 6146 power tubes. The schematic diagrams of both transmitters
are given in Figs. 6 and 7.

The power supply for the transmitters was also designed and

B s peten e

built in the MRDC Electronic Laboratory. The schematic diagrams of the
power supply is given in Fig. 8., It converts 115V ac into 650V @ 300
mA dc for supplying current to the output tubes and 375V @ 1C0 mA dc

for the oscillator circuit.

The 820 kHz und 1455 kHz were transmitted alternately from

the same antenna. The two transmitters were connected to the matching

21
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network and antenna via an automatic coaxial switch, The s.itching time

was controlled by a time-switch synchronous motor,

The schematic diagram for the matching network for both 820
kHz and 1455 kHz is giver in Fig. 9. Figure 10 shows the connection of

tiie equipment via a syncnroncus motor time switch and coaxial switches,

The transmitting antenna is a steel vertical antenna iy feet
high with a 10-foot extension rod at the end. The antenna is a tele-
scoping metal tower made by Rohn, easily erected and removed. To in-
crease the efficiency of the transmitting antenna system, a 12-radial

ground screen was provided at each cransmitting site.

o ]
| T—O TC VERTICAL
= I l ANTENNA
\r
O I A48 88 A A AR A o S, ) l
| l 23 (LH L |
T0 : -L' {
TRANSMITTER | ¢ T /T" 190- 1200 |
-— I I
I i
| |
' '
| i
|
| |
| |
|
| () |
o— }—0 GROUND
I u I SCREEN
| o |
L RF_AMMETER !

D-4240-119¢
FIG. 9 MATCHING-NETWURK SCHEMATIC DIAGRAM

3. Data Collection

Prior to the measurements, a crew was sent out to the pre-
selected site to put up the antenra, To provide low-resistivity ground
in the vicinity of the antenna, 12-gauge copper vire, approximately 90

meters in iength, was buried radially from the antenna bar2, one foot
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deep in the ground. After the antenna was erected, the measuring team
were sent out to the site with an equipment van containing the two
transmitters, power supplies, impedance matching networks, coaxial
switches, and test and repair instruments. The value of the electrical
ground constant at each site differs considerably, and in order to pro-
tect the transmitter from overloading due to impedance mismatch between
the antenna impedance and transmitter output impedance, prior to connec-
tion of the antenna with the transmitter the antenna impedance was
measured by an impedance bridge. When the antenna impedance was ob-
tained, the values of the capacitor and the inductor of the impedance-
matching network were calculated, and these components were adjusted
before the transmitter was connected and switched on. After the counec-
tion was made, the system was tuned to give maximum output pouwer for
both transmitters. A 161-162A Jones Micromztch Reflected Power Meter
was used between the transmitter and matching unit in final tuning to
observe the reflected power during the tuning process. Each transmitter
was arranged to transmit alternately for two and a half minutes at a
time. A synchronous-motor time switch was employed to apply the power
from each transmitter to the antenna, on this schedvle. The output
current was monitored by an RF ammeter, The value of the currer was
recorded at half-hour intervals during the time the field-styrength

measurements were being carried out,

To permit calculation of the va.ue of free-space field 2Eo as
accurately as possible, the field strength at 400 meters and one mile
from the antenna was measured at many pcints around the antenna as
accurately as possible. The distances were measured with a tape. To
assist the measurement, stakes were driven into the ground every 100

meters in a straight line,

The field strength was measured by an RCA Field Strength
Meter Tyrc WX-2E at the preselected points. The selection was made
from a map. At each preselected point, field-strength measurements
were made for both frequencies, Nata were taken during both the dry

and rainy seasons; however, more data were collected during the rainy
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season, The field-strength meter was placed on a tripod in a clearing

away from treec and buildings.

During the field-strength measurement, the antenna crew moved
to the new preselected site and prepared tlle ground, erecting the other

set of antennas., T.e whole operation took about three months for each
season, The data were analyzed at the end of each part of the field-

measurement program.
B. DIELECTRIC CONSTANT

The wave-tilt method was selected to measure the dielectric con-

stant. [t was intended to employ the results of the dielectric coustant

measured by this method to assist in the data reduction of the ground
conductivity. Although the effect of dielectric constant on comguted
field attenuation-vs,-distance curves is slight (especially for high
conductibity and low frequency), some increase in the accuracy of the
ground-ccnductivity measurements can be obtained by considering the

effect (see Sec, IV-A).

It was also realized that the ground dielectric constant does not
considerably change its value between the frequency of 1 MHz and 30
MHz.l* The measurement of the dielectric constant at the frequency of
30 MHz can then be cautiously used to represent the value of the
dielectric constant at 1 MHz without appreciable error. This assump-
tion is li%ely to have a high degree of error only if the value of the

ground constant of the soil at the surface of tie er- =~ .y differs

from that immediately below and down to a depth of 3 meters or when Lite

moisture content of the soil is too great.

The dielectric constant does not greatly affect the transmission
loss of the broadcast frequency propagation and the low end of the HF
band and only affects the antenna efficiency. Therefore it is more
important to develc) a convenient method to measure the dielectric

ccnstant at higher frequencies for covering a small area. Using the

*
This statement applies when the moisture content of the soil is not
too great.
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wave-tilt method at the frequencies between 30 to 100 MHz, the measuring
equipment can be made very portable and can be carried around in a 1/4-

ton vehicle.

The wave-tilt method is based on the behavior of the propagated
radio wave over the imperfectly conducting ground. The electric field
of the radio wave transmitted from a vertical antenna tilts forward
slightly from the vertical axis. The angle 9, at which the electric
field tilts, depends on the frequency, conductivity, and dielectric
constant of the ground., At a sufficiently high frequency and low value
of ground conductivity, the tilt angle depends largely on the dielectric

constant of the ground,

To measure the tilt angle, a dipole is placed in the electric field
and oriented until it receives minimun signal--i.e.,, when it is perpen-
dicular to the electric field. The angle of the dipole can then be
measured., The accuracy of the result depends on the measurement of the
tilt angle and the requirement in measurement accuracy increases as the
tiit angle becomes smaller. In an experimental period, a signal
generator and power amplifiers were used as a signal source, and the
output from the power amplifier was then fed into the vertical antenna,
The tilt angle was measured by a rotating dipole antenna and a receiver.
It was found that at the low frequencies, the interference from broad-
cast band and HF band caused great difficulty in determining the tilt
angle. (There are many radio stations around the Bangkok area and the
majority of these were overmodulated, radiating on harmonic frequencies
and therefore it is not practical in Thailand to use th{s method for
measuring ground constants in the broadcast band and adjacent higher
bands.)1 It was also found that the measured result was affected by
the feed line between the dipole and the receiver, causing inaccuracy
in determining the tilt angle. This problem is solved by using a
transistorized receiver small enough to be attached to the middle part

of the dipole antenna, thus omitting the feed line,

Equipment for measuring the tilt angle of a vertically polarized

radio wave was built and tested in the MRDC Electronic Laboratory.
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It consists of a remote-control rotating dipole antenna with built-in
transistorized RF receiver and signal-strength indicator. The dipole
antenna is balanced. A remote control is necessary because of the
capacitance effect between the experimenter and the dipole antenna,
Vertically polarized radio waves are launched by a battery-operated

27-MHz transmitter and portable vertical antenna.

1. Basic Theory
Over an imperfectly conducting ground, the electric field of
the ground-wave propagation, transmitted from a vertically polarized
antenna, tilts rforward slightly from the vertical axis as shown in Fig,

16. This phenomenon is caused by the presence of the small horizontal

6% TILT ANGLE

[

DIRECTION OF
WAVE PROPAGATION

DIPOLE ANTENNA (ADJUSTED FOR
MINIMUM RECEIVED SIGNAL)

DY N T N W W W W

0-4240-13%8

FIG. 16 WAVE TILT OF THE GROUND WAVE

component of electric force in the direction of propagation when the
ground is not a perfect conductor. Furthermore, this horizontal com-
ponent is normally out of phase with the vertical component; therefore
the resultani electric field vector is elliptically polarized, having

its main axis tilting forward from the vertical axis along the radial

from the transmitting antenne, The tilt angle 8, the ground conductivity

o, the dielectric constant ¢, and the frequency f are related by the

equation:s

I—




RN Oos,

e

inn.

where
€ = Relative dielectric constant
o = Ground conductivity in mmho/m
f = Frequency in MHz,

At high frequency and low value of ground conductivity the term (180)2/f

becomes small when comparcd with e2; then

This shows that at high frequency, the value of the relative dielectric
constant is inversely proportional to the square of the tangent of the
tilt angle (see also Sec. IV-B). The tilt angle 6 can be measured by
the aid of a rotating dipole artenna, rotating about the horizontal
axis. The axis of tb . antenna is in the direction of the propagated
wave--i.e., one end of the dipole is pointing toward the vertical trans-
mitting antenna. The measurement is made by turning the dipole about
the horizontal axis until the signal strength is minimum, This occurs
when tha dipole is tiited slightly from the horizontal as shown in Fig.
16, with the angle 6 corresponding to the tilt angle 8. When the signal
received by the dipole is at its mipimum value, the dipole is perpendi-

cular to the electric field of the wave front,

2. Description of Equipment

The source for generating the grounc wave is a commercially
built transceiver, giving an output power of approximately 5 watts.
The transceiver microphone input was modified so that when the trans-
ceiver is switched on, the microphcne terminal is short-circuited, and
the set transmits only the carrier wave, The output of the transmitier

is connected to a 1l/4-wave vertica! monopole antenna., The antenna
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system is composed of a 12~gauge copper wire cut to 1/4 of tbe wavelength
of the transmitter frequency. One end is fixed to the top of a bamboo
tripod via an eyelet insulator, To ensure that the antenna is vertically
erected from the ground, the other end of the antenna wire is connected
to a heavy lead weight via an ip.,ulator. When the antenna is erected,
the weight is connected to the copper ground stake. This end of the

wire is also the feed point, and the output of the transmitter is con-
nected to the antenna by a coaxial transmission line. The central core
of the feed line is connected to the antenna wire and the outer core to
the weight via a coaxial connector. A 12-volt, 57-amp-hour automobile-
type storage battery is used to power the transmitter. The detecting

end consists of a rotating dipole antenna, a crystal-tuned, transistorized

receiver (see Fig. 17), and a microammeter,

FIG. 17 PHOTOGRAPH OF THE TRANSISTORIZED RECEIVER

The receiver is a superheterodyne type, To minimize the fre- i

quency drift of the receiver, the local oscillator is controlled by a

crystal (see Fig., 18). Three intermediate-frequency amplifiers follow
the mixer stage, and the last stage 1s the detector, The microammeter
is provided at th: emitter circuit of the detector for indicating the

received signal strength, Since only the relative value of the received
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signal is required, it is not necessary to calibrate the receiver out-

put current, To ensure proper balancing of the dipole antenna, the . H

primary end ol the receiver i-nut transformer is balanced and grounded

ey

at the center tap of the primary wiring. The receiver is shielded to
prevent the signal being picked up by the receiver wiring without passing
through the antenna system., Each airm of the dipole antenna is connected
directly to the recelver, and the mi~roanrieter is provided outside the

receiver and mounted directly below.

Two telescopic-type automobile antenrzs are used to form the
arms of the dipcle. The length of the artenna can be adjusted to suit
the signal strength but they must be adjusted so that arm lengths are

equal.

T:e aniennas and receiver are mounted on . long insulator.
Th¢ receiver is at the center of the insulator which also serves as the
fulcrum for the rotating dipole. Another piece of long insulator is
provided immediately below the dipole to serve as a reference line. The
microammeter is mounted on it, The .otating dipole, mounted on the in-
sulator directly above the reference insulator, is shown on Figs. 19 and

20. The reference insuiator is always set parallel to the ground,

The long insiv.ators serve as a set of instruments for me~suring
the tilt angle. The tilt angle is calculated from the displacement of
the end of the rotating insulator and the distance from the fulcrum point
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